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Actuation Unit for an Electromechanically Actuated Disc Brake 

TECHNICAL FIELD 

The present invention generally relates to actuating units and 
more particularly relates to an actuating unit for an 
electromechanically actuated disc brake for automotive 
vehicles. -, — which is disposed on a brake caliper wherein two 
friction linings respectively cooperating with a side face of a 
brake disc arc arranged in a manner displaccablc to a limited 
extent,. — with one of said friction linings by means of an 
actuating clement, — through the actuating unit, — being arranged 
so as to be directly movable into engagement with the brake 
disc, — while the other of said friction linings is movable into 
engagement with the brake disc through the action of a reaction 
force applied by the brake caliper, — wherein the actuating unit 
comprises an electric motor and a reduction gear opcrativcly 
arranged between the electric motor and the actuating clement, 
with the reduction gear being formed of a threaded drive 

accommodated by a guide piece axially supported on 'the brake 

caliper or a gearbox housing connected to the brake caliper. 



BACKGROUND OF THE INVENTION 



An electro-mechanical actuating unit of the afore-described 
type is disclosed in International Patent Application WO 
99/45292 Al . However, the afore-mentioned publication does not 
reveal any details relative to the determination of the 
reaction force . 



BRIEF SUMMARY OF THE INVENTION 



It is, therefore, an object of the invention to provide an 
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electromechanical actuating unit of the afore-described type 
enabling the reaction force developing during the actuation to 
be determined, using low-cost technical means. Another 
objective is to achieve a space-saving and compact design of 
the electro-mechanical actuating unit. 

This object, in the practice of the invention, is achieved in 
that provided between the guide piece and the brake caliper or 
the gearbox housing connected to the brake caliper is a sensor 
device sensing the reaction force resulting from the actuating 
force applied by the actuating unit. 

For more closely defining the conception of the invention, 
according to an advantageous development of the invention, the 
sensor device, on the one hand, is connected in a form-locking 
manner to the gearbox housing and, on the other hand, to the 
guide piece so as to axially secure the sensor device in 
position in the gearbox housing. 

A preferred embodiment of the object of the invention is 
characterized in that the sensor device includes means for 
radially guiding the guide piece. 

According to another embodiment of the invention, the sensor 
device comprises an annular holder on which three pressure- 
measuring elements are circumf erentially distributed. The 
annular holder, preferably, is made of plastic material. 

According to a particularly favorable embodiment of the subject 
matter of the invention, the pressure-measuring elements are of 
a square configuration, comprising strain gauge faces disposed 
in a plane extending in a direction normal to the admission of 
the reaction force. 

An easily realizable and reliably operating actuation of the 
actuating unit of the invention, according to another feature 
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of the invention, is achieved in that the annular holder is 
provided with means for contacting the strain gauge faces. The 
contact means comprise an injection-molded punched grid 
enabling electric signals to be communicated while being 
connected to the strain gauge faces by way of thin-wire bonds. 

A particularly compact design of the object of the invention is 
taught by the rules of dependent claims 10 and 11 according to 
which the annular holder is provided with an electric plug for 
connection to the strain gauge faces, comprising an electronic 
evaluating unit. 

High precision of the measuring signal generated by the force 
sensor, according to another embodiment of the invention, is 
achieved in that the strain gauge faces are bridge-circuited. 

In conclusion, the problem underlying the invention described 
in the afore-going is solved by a design wherein a spindle of 
the threaded drive is supported on the guide piece, with a 
journal bearing being interposed therebetween, in that a 
bearing ring of the journal bearing being designed (formed) as 
a component part of a sensor device which is provided for 
sensing the reaction force resulting from the actuating force 
applied by the actuating unit. 

Further — advantages — e£ — the — invention will — become manifest — from 
two examples of embodiment with reference to the accompanying 
drawings, — wherein 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional axial view of a design of the electro- 
mechanical actuating unit of the invention. 
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Figs. 2, 2a are highly simplified sectional views of the 
mounting situation of the force sensor in the 
actuating unit according to Fig. 1. 

Fig. 3 is a partly sectional explosive view of the mounting 
situation of the force 
sensor . 

Fig. 4 is a perspective view of the force sensor. 



Figs. 5, 6 are greatly simplified axial sectional views of 

another embodiment of the electro-mechanical 
actuating unit of the invention in the initial and 
actuated positions . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The electromechanical actuating unit of the invention as 
illustrated in Figure 1 is used for actuating a floating 
caliper-type disc brake with the brake caliper only 
schematically shown being displaceably disposed within a 
stationary holder (not shown) . A pair of friction linings 4 and 
5 are so arranged in the brake caliper as to face the left-hand 
and right-hand side faces of a disc brake 6. 

The friction lining 4 shown in the drawing to the right thereof 
is designated by 'first friction lining' while the other 
friction lining provided with reference numeral 5 is designated 
by 'second friction lining 1 . While the first friction lining 4 
by means of an actuating element 7, through the actuating unit, 
is in direct engagement with brake disc 6, the second friction 
lining 5, due to the action of a reaction force applied during 
actuation of the assembly by the brake caliper, is urged 
against the opposite side face of the brake disc 6. The 
actuating unit of the invention arranged by means of fasteners 
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(not shown) on the brake caliper, is of a modular design 
substantially consisting of three independently operable 
components or modules, namely of a driving unit 1, a first 
reduction gear 2 actuating the first friction lining 4, and a 
second reduction gear 3 operatively connected between the 
driving unit 1 and the said first reduction gear 2. 

The afore-mentioned driving unit 1 is composed of an electric 
motor 10 designed in the embodiment as shown as an 
electronically commuted motor energized by a permanent magnet, 
the stator 9 of which is stationarily disposed in the motor 
frame 8 while the stator 11 thereof comprises an annular 
carrier 13 carrying a plurality of permanent magnet segments 
14. Operatively disposed between the electric motor 10 and the 
afore-mentioned actuating element 7 is the first reduction gear 
2 which in the example as shown is designed as a ball-type 
threaded drive 16-21 disposed in a gearbox housing 15 which can 
also be designed integrally with the afore-mentioned brake 
caliper. The ball-type threaded drive comprises a threaded nut 
16 and a threaded spindle 17, with a plurality of balls 18 
provided between the threaded nut 16 and the threaded spindle 
17, rotating upon a rotary movement of the threaded spindle 17', 
thereby causing an axial or translatory movement of the 
threaded nut 16. The threaded nut 16, preferably, forms the 
afore-mentioned actuating element 7. The threaded spindle 17 
actuated by the electric motor 10 through the second reduction 
gear 3, preferably, is of a tripartite design, consisting of a 
first tubular spindle portion 19 in engagement with the 
threaded nut 16 through the afore-mentioned balls 18, an 
annular second spindle portion 20 and a third spindle portion 
21. 

The arrangement preferably is such that the rotor 11 of the 
motor 10, by interposing the second reduction gear 3, drives 
the third spindle portion 21 while the threaded nut 16 is 
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supported on the first friction lining. 

A reduction of the required motor moment, in the embodiment of 
the invention as shown in the drawing, is achieved by a 
suitable integration of a planetary gear 30-34 forming the 
afore-mentioned reduction gear 3. The planetary gear which is 
operatively disposed between the rotor 11 and the threaded 
spindle 17 comprises a sun gear 30 preferably formed of an 
externally toothed area 22 formed on a rotor 11, a plurality of 
stepped planetary gears of which two are shown and provided 
with reference numerals 31 and 32, and of an internal gear 33. 
The stepped planetary gears 31, 32 disposed in a planetary cage 
34 comprise a first step cooperating with the sun gear 33, and 
a second step cooperating with the internal gear 33, with the 
first step comprising toothed gears 31a, 32a of larger 
diameters and the second step comprising toothed gears 31b, 32b 
of smaller diameters. The afore-mentioned planetary cage 34, 
preferably, is so designed that the area thereof between the 
bearing points of the planetary gears 31, 32 and the coupling 
point of the threaded spindle 17 permits both a small axial and 
radial clearance and a minor angular displacement; it is 
formed, for example, as a laminated disc or a bellow. The 
internal gear 33 comprises an internally toothed area of a lid 
23 forming the housing of the planetary gear. 

The afore-mentioned threaded nut 16 of the ball-type threaded 
drive is guided or disposed within a cup-shaped guide piece 12. 
The arrangement of the threaded nut 16 within the guide piece 
12 is both within the area thereof facing the first friction 
lining 4 by means of a first slide ring 28 disposed in the 
guide piece 12, and within its end area facing away from the 
friction lining 4 by means of second slide ring 29 arranged on 
the threaded nut 16. 

Moreover, Fig. 1 conveys that the second annular spindle 
portion 20 is supported on an axial bearing 26 disposed within 
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the guide piece 12, while the third spindle portion 21, through 
a form-locking plug connection, is connected to the planetary 
cage 34 of the second reduction gear 3. To that effect, the end 
of the third spindle portion 21 is formed, for example, as a 
torx-connection or as a hexagon pushed into a conforming 
aperture in the planetary cage 34 . Insofar it is of a special 
advantage for the form-locking plug connection to be coupled to 
the planetary cage 34 in a manner stiff against torsion, 
radially resilient and flexible. Coupling is through an 
external ring 35 of a radial bearing 25 provided in the lid 23. 
A flexible sealant or sealing collar clamped between the nut 16 
and the guide piece 12 prevents the ingress of dirt into the 
interior of the ball-type threaded drive from occurring. 

Moreover, it is reasonable for a trouble-free operation of the 
actuating unit of the invention to provide the nut 16 at the 
end thereof facing away from the friction lining 4 with an 
axial projection (not shown) which, during restoring, 
cooperating with a stop circumf erentially formed on the second 
spindle portion 20. By supporting a side face of the 

projection on the stop the nut 16 is effectively prevented from »■ 
being further restored, thereby precluding the two portions 16, 
20 from being stuck. 

To determine the current position of rotor 11, a position 
detecting system 36 (not shown in detail) is provided. The 
information on the position is then determined by means of a 
Hall sensor or a magnetically resistive element. 

Finally, in order to determine the afore-mentioned reaction 
force F (Fig. 2) resulting from the actuating force applied by 
the drive unit 1, a sensor device or a force sensor 24 only 
schematically shown is provided between the guide piece 12 and 
the gearbox housing 15. The output signal generated by the 
force sensor 24 is communicated as an input value to an 
electronic controller (not shown) . 
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As especially conveyed by Figs. 2 to 4, the above-mentioned 
force sensor 24, preferably , comprises a holder 37 made of 
plastic material, and three peripherally arranged pressure- 
measuring elements 38a, b, c staggered by respectively 120°. In 
the assembled condition of the force sensor 24 shown in Figs. 2 
and 3, the said sensor is disposed between two pressure rings 
39, 40 such that a radial collar or a cone face (see Fig. 2a) 
of the guide piece 12 is in abutment with the former mentioned 
pressure ring 39, whereas the latter-mentioned pressure ring 40 
is axially supported on the gearbox housing 15. Moreover, 
holder 37 comprises locking and guiding means 41a-c injection- 
molded between the pressure-measuring elements, with the said 
locking and guiding means, on the one hand, securing a form- 
locking connection of the force sensor 24 to the guide portion 
12 and, on the other hand, ensuring a central and fixed 
position within the gearbox housing 15. The pressure-measuring 
elements 38a-c, preferably, are of a square-type configuration, 
respectively comprising four strain gauge faces 42 formed on 
the surface of the pressure-measuring elements 38a-c in a plane 
extending in a direction normal to the direction of the force 
admission into sensor 24. To generate a high-quality sensor 
signal, the strain gauge faces 42 are bridge-circuited. 
Moreover, embedded in the plastic material of the holder 37 is 
a punched grid 44 serving for contacting the strain gauge faces 
42 by means of thin-wire bonds 45. The electric connection of 
the force sensor 24 is through a plug 43 injection-molded to 
the holder 37 wherein an electronic analyzer (not shown) may be 
integrated. 



In the second embodiment of the invention as shown in Figs. 5 
and 6, the afore-mentioned sensor device 24 is disposed in the 
area of the axial bearing 26 within the guide piece 12. The 
axial bearing 26 essentially comprises a first bearing ring 50, 
a second bearing ring 51 supported on the guide piece 12, and 
roll elements 52 provided between the two bearing rings 50, 51. 
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Disposed on the second bearing ring 51 forming a component part 
of the sensor device 24 is a sensor element 53 only 
schematically shown, determining the deformation of the second 
bearing ring 51 or the 1 plate-type structure 1 thereof occurring 
under load (Fig. 6) . Arrows F indicate the transfer of the 
reaction force between spindle 17 and guide piece 12 that 
occurs upon actuation. A recess 54 within the guide piece 12 
enables the sensor element 53 to be contacted by electric 
conduits (not shown) . 
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List 


of Reference Numerals 


1 


driving unit 


2 


reduction gear 


3 


reduction gear 


4 


friction lining 


5 


friction lining 


6 


brake disc 


7 


actuating element 


8 


motor housing 


9 


stator 


10 


electric motor 


11 


rotor 


12 


guide piece 


13 


carrier 


14 


permanent magnet segment 


15 


gearbox housing 


16 


threaded nut 


17 


threaded spindle 


18 


ball 


19 


spindle portion 


20 


spindle portion 


22 


area 


23 


lid 


24 


force sensor 


25 


radial bearing 


26 


axial bearing 


27 


sealant 


28 


slide ring 


29 


slide ring 


30 


sun gear 


31 


planetary gear 


31a 


Dlanetarv crpar 


31b 


planetary gear 


32 


planetary gear 


32a 


planetary gear 
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32b planetary gear - 

33 internal gear 

34 planetary cage 

35 external ring 

36 position detecting system 

37 holding ring 

38a-c pressure-measuring element 

39 pressure ring 

40 pressure ring 

51a-d locking and guiding means 

42 strain gauge face 

43 plug 

44 punched grid 

45 thin-wire bonds 

50 bearing ring 

51 bearing ring 

52 roll element 

53 sensor element 

54 recess 



